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Abstract 
The lighting design in workplaces environments involves/demands a multidisciplinary knowledge. Despite the several studies in 
this area of knowledge the reality shows that the lighting layout in indoor environments only considers the need for seeing. 
Nevertheless, the light is the basis of other needs of the human being, such as non-visual like the circadian rhythms. Both the 
visual and non-visual effects affect our wellbeing and health. To accomplish tasks without spending our energy in fighting the 
unfriendly environments we must achieve a well-designed indoor environ design that compensates our needs and fulfil our 
expectations. Besides the lighting codes, which are mostly related with lighting metrics, it is important to respond to our needs, 
both physical and psychological, and understand activities and individuals requirements. We spend more almost 90% of our life 
time in indoor environments without realising that we are putting our health in danger. Natural light provides us, not only the 
energy that allows us to see, but also the vitamin D that help maintain our health through our skin and eyes, moreover ultraviolet 
and infrared radiation also has an impact in our wellbeing. Artificial light should provide us the same composition and not 
withdraw of its spectral composition. The visible light, goes from the violet (short wavelength) to red (long wavelength) over the 
day and changes occur also along the year - on winter there is much less light available than in the summer. Meteorological 
conditions and geographic location (latitude) have impact on the light and how it affects our body and mind, in different ways. 
So, why is the indoor lighting static, once literature reveals the benefits of a dynamic light such as natural one? This paper aims 
to study the “do´s and don’ts” of a lighting design in a workplace. To achieve such goals the research will be conducted 
throughout literature review.   
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1. Introduction 
We spend most of our lifetime indoors - some literature indicates 70% to 90% [1, 2, 3] - in places like our homes, 
workplaces, and even in environs dedicated to our leisure times. In many indoors environments daylight penetrates 
the building for less than a couple of hours, especially in winter time when the days are smaller and the sunlight 
weaker. Daylight has important benefits on human being, visual and non-visually, which affects our wellbeing and 
health, both psychological and biologically. Escape from decisions that compromise our mind and body is the 
premise of a good workplace, and to achieve this it is essential to have a deep understanding of all the implications 
and details that can help to maintain our balance. [4] 
Many of the designers and interior architects think that their profession is more closely related to art than to 
science. However we need to understand that the architectural environment in addition to aesthetic impressions 
influences the human psyche. Although the importance of the aesthetic value of a workplace, architects and 
designers have to have in mind that their interpretation produce an impact on the person who live and work in that  
particular spaces and their needs and expectations have to be considered when the project is conceived.  The user is 
more concerned with their basic instincts that can be expressed in terms of comfort, while the architect, on the other 
hand, develops an aesthetic result of their academic experience, which later is present in their projects. [1]  
In order to achieve a well-designed workplace we must comprehend that it is necessary the knowledge of 
multidisciplinary teams collaborating and interacting together in a confluent way.[5]  
“The physical and psychological spaces of an organization work in tandem to define the effectiveness of the 
people within it.” [6] (…) “I´d suggest, is that we need to return human beings to the centre of the story. We need to 
learn to put people first.” [7]  
2. Daylight 
Light exposure varies with the hour of the day: in the morning starts with a bright blue light, which declines at 
the end of the afternoon with reddish tints. Light and the radiation vary also along the year. These changes are 
important once they affect our wellbeing -as documented by literature the conditions like SAD (Seasonal Affective 
Disorder) occur mostly during the winter months, with remission in the summer. The effect on human wellbeing is 
because of the changes occurred on the light exposure and its spectral composition. [8, 9].  
“Without water, one could survive for about a week. If one has sufficient air and water but no food, an average 
person could be expected to live for up to 30 days without serious complications developing. A lack of exposure to 
natural outdoor sunlight and exercise will contribute to a gradual degeneration of the body over a period of years, 
which will predictably result in disease, physical deformities and premature death.” [10]  
The light of the day, usually called as daylight, is necessary for seeing (visual functions) but also for resetting and 
shifting the circadian clock (non-visual functions). Every day the circadian (daily) and circannual (seasonal) 
rhythms regulates important physiological and behavioural rhythms, such as sleep-wake cycles, alertness and 
performance patterns, psychomotor vigilance, cognitive brain functions, attention, memory, CTB (core body 
temperature), heart rate, and hormone production such as melatonin, serotonin and cortisol but also have an impact 
on gene expression and pupil constriction. The absence of light affects us on mood in a negative way with SAD, and 
on neurocognitive processes. [4] Until recently the main drive of indoor lighting design was to illuminate when 
external natural light become insufficient. Now, we have the notion and begin to comprehend that the non-visual 
functions also depend on the brightness and wavelength of ambient light. [11, 12, 13]  
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Fig. 1. (a) Spectral Sensibility. [18]; (b) spectral absorption of cones and rods (R). And cones at Long- (L), Medium (M) and Short-(S) 
wavelengths. (adapted from Dartnall, Bowmaker & Mollon, 1983) [18]  
The human retina has two types of visual photoreceptors, cones and rods which have different spectral 
sensitivities. The rods efficiency functions have a peak of sensitivity at 505 nm (Figure 1a, 1b). There is a large gap 
between photopic and scotopic vision, where both cones and rods provide an input to the visual system. These are 
the visual photoreceptors, but there are also the non-visual ones. And these biological or non-visual effects of light 
are mediated a photoreceptor that contains the photopigment melanopsin, the ipRGCs (intrinsically photopigment 
retinal ganglion cell). Melanopsin is more sensitive to short-wavelength light at 480 nm (blue wavelengths), while 
the cone’s peak sensitivity happens at 555 nm (Figure 1a). The sensibility of ipRGCs varies in the intensity, 
duration/pattern, and timing of light exposure as compared to vision. The long-duration blue-light exposure is more 
effective at enhancing alertness and performance [14]. Cones, combined with ipRGCs, also contribute to non-visual 
responses at the beginning of a light exposure and at low irradiance, even though they are slower and sluggish than 
cones and rods [15]. Melanopsin dominates the response to long duration light exposures and at high irradiances. 
During exposure to continuous light, ipRGCs drive sustained responses to light, but the contribution responses 
decrease over time [16]. Because of the difference in temporal properties between cone and ipRGCs, the magnitude 
of non-visual responses depend on both the spectral distribution and temporal characteristics of the light stimuli, and 
we must have in mind that different light sources have different SPD (spectral power distributions) (Figure 1b) [4, 
17]  
Moreover, light exposure does not need to be continuous to have an effect on the non-visual system, since the 
ipRGCs do not respond to individual intermittent light exposures of low irradiance, but instead appear to integrate 
the light over time until reaching a steady response [16]. A single brief exposure to bright is highly effective for 
shifting the phase of the circadian clock, suppressing melatonin, and enhancing alertness [15]. [4]  
3. Workplace 
The current recommendations for lighting in workplace’s design are based on visual criteria measured in 
photometric quantities, such as illuminance. [4]  
And as already stated, SAD improves when the exposure takes place under bright-light. Exposure to bright light 
in the morning and evening in the workplace also improve mood, energy, alertness and productivity in individuals 
with "sub-syndromal SAD"; the shortage of daylight exposure for office workers during daily life, and especially 
during winter, may compromise our health and wellbeing. [11] 
We are outdoor animals, and it is under the outdoor environments that we feel balanced -biological and 
psychologically. The differences between outdoor illuminance and indoor are huge, while outdoor typically ranges 
between 2000 and 100,000 lux, the indoor is considerably lower, with norms of approximately 500 lux and more 
often 200 lux.  
Over the past two decades, the nature of the work done in offices has changed, from the paper source, where the 
main work surface was horizontal and white, to the use of personal computer with vertical and black or coloured 
monitor’s image which also contributed to the change in the luminance in an office environs. [16]  
a                  b 
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Fig. 2. (a) Biologically effective lighting. Biologically effective lighting should mimic daylight: natural light spectrum: the biologically effective 
range is the blue spectrum around 460 nm [24]; (b) Spectral distribution of different light sources. [25] 
The companies begin to worry about employees’ wellbeing due to the employees’ sense of safety and comfort 
since wellbeing reduces absenteeism. The companies’ investment in more qualified workplace environments can be 
reimbursed by the employees’ efficiency and insurance premiums. The comfort conditions and better ergonomic 
solutions must contribute to the idea that users should leave the workplace at the end of the day healthier than when 
they start working (in the morning). [20] Office work requires mental resources - stress and attention are common 
issues on office surroundings - so any environmental feature that help users to minimise the stress or fatigue 
throughout the day deserves our attention. [21]  
Nevertheless, brightness can also result from poor ergonomic solutions. It is important to remember that older 
eyes need more time to adapt to brightness differences because of the reduced elasticity of the iris and the speed of 
the photochemical process that is the constant accommodation, which occurs when we need to change jobs between 
the far and the near, cause eyestrain. [22] Adaptive lighting could help to prevent diseases, disorders, physiological 
deregulation and enhance employees’ productivity and performance while reducing accidents, and decreased health 
related costs. [10]  
The advantages of better health and wellbeing are important for the workers, and might also lead to better work 
performance, fewer errors, more safety, and lower absenteeism. Although poor lighting has been associated 
repeatedly with mental health problems, the direct effect of lighting on psychological wellbeing and mental stress is 
not yet fully understood. [23] 
4. Artificial light 
Regarding lighting design, one of the reasons that led to the illuminance levels recommended between 1930 and 
1970 was the introduction and development of the fluorescent and high-intensity discharge, since they have higher 
luminous efficacies once compared with the incandescent lights (Figure 2a, 2b). Nevertheless, illuminance is the 
main design criterion because it is easier to measure and can be easily connected to the cost of the lighting 
installation. [19]  
Colour appearance of the light itself is not specified in the European Norm because so far the colour appearance 
was associated with psychology and aesthetics subjects and it is considered to be natural. [13] Nevertheless, the 
quality of lighting should be considered in terms of visual comfort, safety, and of health and wellbeing [26]. [27]. 
[23]  
Artificial light is able to affect the circadian system. [8] Nowadays, two electric light source systems are able to 
influence the human circadian system: LED and fluorescent lamps which indicates that we need to combine both 
visual acuity lighting solutions with wavelength since they affect the circadian system [8]. The fluorescent indoor 
a    b 
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lighting contains considerably less blue light than natural daylight, which is precisely the component of the spectrum 
thought to be highly relevant for achieving non-visual, biological effects. [11]  
The extent of blue light in the spectrum of light sources proportionally increases with colour temperature. The 
higher colour temperatures have a significant impact on human being once activate the mental activity level [28], 
and enhance the parasympathetic and sympathetic nervous systems; [29] moreover, sleepiness is higher under lower 
colour temperature lighting [30].  [11]  
Epigenetic Design is an emerging design practice which bridges the gap between scientific discovery and energy 
efficient design. This branch of Design aims to promote healthier environments while integrating natural and 
artificial light which are controlled by a lighting control system. [8] Dynamic light emerges as an innovative lighting 
solution to control the effects of lighting properties such as colour temperature and illuminance. Artificial office 
lighting is typically constant/static in both illuminance and colour temperature, whereas natural light ranges 
throughout the day as a result of weather conditions and the position of the sun. Daylight has a positive influence on 
mood and stimulation which justifies people preference for artificial light in addition with day lighting in indoor 
environments. [4] With dynamic lighting, colour temperature and illuminance ranges during the day according to a 
pre-set protocol, aiming to support or even enhance the natural rhythm of employees’ alertness. This could be 
achieved with higher illuminance and colour temperature since morning to lunchtime with lower and warmer white 
light during the late morning and afternoon. [21]  
5. Circadian 
Light influences the regulation of the circadian rhythm and the secretion of the hormones cortisol (“stress 
hormone”) and melatonin (“sleep hormone”), which influences alertness and sleep. Cortisol increases blood sugar to 
give the body energy and enhances the immune system. When cortisol levels are too high over an extended period, 
the system becomes exhausted and inefficient. Cortisol levels increase in the morning and prepare the body for the 
coming day’s activity, and will remain at a sufficiently high level over the course of the bright day, decreasing 
finally to a minimum at midnight. The melatonin makes the same sequence but it drops in the morning, thus 
reducing sleepiness, and rises again when it becomes dark, offering healthy sleep. For good health, it is important 
that these rhythms are not disrupted too much. In case of rhythm disruption, bright light in the morning helps to 
restore normality [13]. These biological effects are dependent on the colour temperature, light level, duration and 
timing of exposure as well as on the size and position of the light source and have a crucial influence on individuals’ 
well-being, health and performance. [21]   
A healthy level of serotonin (mood hormone), which regulate mood, appetite, sleep, as well as muscle 
contraction, throughout our lifetime decreases by 10% per decade, drawing attention to circadian system 
neurodegenerative disorders. [29, 31] We must have in mind that the length of the clock‘s period is an individual 
characteristic, it does not vary in adults, but it is flexible during childhood and youth, and serotonin secretion only 
happens with luminance levels greater than 1,000 lux[32]. Artificial light, typically used in workspaces, does not 
touch these values. [33, 34] Although there are situations where there is no need for high illuminance values it is 
important that we do not ignore the fact that exposure to bright light during the day (over 1400 lux) can advance the 
phase of circadian cycles. [35, 36]  
Bright light increased heart rate and CBT during the night-time exposure but not during daytime exposure to the 
high light level. Exposure to 1000 lx had a significant effect on subjective sleepiness, performance, slow and fewer 
eye movements, shorter reaction times on vigilance test, we feel more alert, less fatigued and more energetic but not 
on melatonin level. Melatonin levels were low as expected during daytime.  
Research in psychological effects of light suggests that both high illuminance and high colour temperature can 
have positive effects on people’s well-being, health and performance. Exposition to higher colour temperature 
lighting (5600 K) is more stimulating than warm white lighting (3000 K) which is usually experienced as more 
pleasant. [37] High colour temperature (17000 K) [38] improves the workers’ ability to concentrate, level of fatigue, 
alertness, daytime sleepiness and subjective performance compared to a lower colour temperature (2900 K). [21]  
Again, the variable lighting pattern, consisting of relatively short peaks in lighting level in the morning and early 
afternoon, has positive effects on self-reported activity, while under static lighting, subjective ratings of deactivation 
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and fatigue increased in the afternoon. Unfortunately, the findings did not point in the same direction unequivocally 
and although sulphatoxymelatonin levels decreased during the day, this pattern did not differ between static and 
dynamic light. It appears that melatonin levels were already low in the early morning and quickly decreased to their 
natural daytime minimum.  [21]  
The use of strategically placed spikes of alerting blue-rich light together with alternating cycles of shifting 
dynamic lighting with appropriate shading controls throughout the day and night are particularly well suited for 
industries where employee alertness is paramount during all phases of 24 / 7 / 365 operation. [8]  
In spite of the European standard limiting indoor light levels to 200 LUX (during the work day) to decrease 
energy costs policies are being taken to consider and establish a unified circadian standard of acceptable light levels 
to provide sufficient light to suppress daytime circulating melatonin, and a maximum dim light threshold for LAN 
(light at night) in order to promote inherent sleep and health benefits. Currently the debate focuses on establishing 
1000 lux as a base line lighting level necessary for daytime melatonin suppression (however the exact timing and 
duration for the application of this light is still being questioned). [8] We must consider that numerous luminous 
codes and recommendations fail in their qualitative component because they are based on quantitative measures. 
The visual system needs dynamic patterns. Indexes and numbers do not take into account the aesthetic and 
emotional needs of the human being. There is little understanding of the relationship between the amount of light 
and the perception of brightness. [35]  
6. Wavelength/spectral 
Light exposure, particularly at the short-wavelength range, triggers several non-visual responses in human-
beings. However, the extent to which the melatonin-suppressing and alerting effect of light differs among 
individuals remains unknown. [39] Presently, there exists no accepted methodology to evaluate different lighting 
conditions based on the spectral and temporal characteristics of the light source. [4]  
7. Wellbeing  
The idea of health (wellbeing) is no longer recognized only by the absence of disease, since it has acquired a 
broader scope that includes the physical, biological, social and cultural wellbeing. [40, 41] 
Psychosomatic studies showed that the mind and body affect each other, which means that the physical condition 
can be of psychological origin and vice-versa. Emotions influence the body, stress can cause headaches, fear can 
increase the heart rate, and anger can affect the stomach and increase blood pressure. PNI 
(Psychoneuroimmunology) assumes that emotions can even influence our immune system. Biochemical, 
immunologists discovered nerve fibre networks and "bridges" molecular who maintain a permanent connection 
between the body and the mind. It is increasingly clear that emotions play an influence that often extend to the last 
cell of our body and thus strengthens or weakens our body defences. From a psychotherapeutic point of view, the 
architectural space may have meant as a framework, i.e. the architectural space features, layout and ambience are 
considered as important factors that support the therapeutic process, the reconstruction of self-acceptance and self-
esteem and social relationships. Research in PNI area indicates that positive emotions strengthen defences against 
disease and illness, while negative emotions weaken our body. [42, 43] 
The physiological and psychological comfort is positively stimulated by light sources, material and colour 
selections that have an energizing effect and architecture may have a placebo effect. [42, 44] 
8. Conclusions 
It is important that the companies and the governments acknowledge that the actual guidelines have an impact in 
all aspects of business expense and profitability due to the interconnection between human health and the built 
environment which entrains, align and influence the human biological clock. [8]   
Dynamic lighting is designed to have positive effects on well-being and performance, [18] if we have higher 
colour temperatures and illuminances in the morning period we would perform better.  It seems that the short-
wavelengths affect our visual and non-visual functions as well, although there are studies that state that blue light on 
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our visual system is a bad influence since it destroys our retina. Even though, if the lighting system is a dynamic one 
our circadian system is ensured since the lighting will move from short to long-wavelengths, like daylight, which in 
turn will enhances our health and wellbeing. We must evaluate and re-draw the actual guidelines since they are 
based in metrics, in quantity of lux according the task developed rather than in a qualitative, in tandem of 
quantitative. 
9. Discussion 
So, lighting system should help us to achieve our goals, in our professional and personal life. The lighting system 
of daylight is a variable one, and the artificial should be guided by the same course. Perhaps we need more studies in 
order to better understand which values, which spectral, which luminances and which color temperature will 
enhance our circadian (non-visual) and visual system. But, at least, we could start to make some changes and 
perceive that, in the end, we will all gain, in health, wellbeing, performance and economically. The companies will 
realize that they will have the returning of the investments in the conversion of the static lighting systems into 
dynamics ones at medium term.  
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